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This report represents a preliminary evaluation of the "Fire- 
in-the-Hole" problem connected w i t h  ascent engine l ight-off-  
the camplicrrted flow f ie ld  around the descent engine makes a can- 

pletely a i c a l  study difficult, the major portion of the effort 
to  date has been devoted to construction and t e s t  of a 1/10 scale 
cold flow m o d e l .  

have demonstrated that improper venting srnuyemients can Fesult i n  
several different types of failure of the Le( vehicle. However, the 
present descent stage design is adaptable t o  a wide m e  of venting 
configurations without major w e i g h t  penalties. I n i t i a l  test results 

2 indicate that a loo0 i n  minimum annulus around the full scale descent 
engine plus a stage separation of two inches would provide sufflcient 
vent area. Subsequent phases of thia program 8re expected to lnq~mve 
the accuracy of these predictions. 

Since 

Over 30 t e s t  runs have been caupleted. These tests 
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a 
DISctlsSIOI? 

The "Fire-In-the-Hole" problem refers t o  the flow of the ascent 

engine e&w& Over the descent engine at  ignition of the ascent 
engine. Based an the ascent engine developing rated thrust  and with 

00 adaitianal pressure force, the ascent stage will have l i f t e d  five 
feet off the descent stage a f t e r  the first second. During t h i s  time 
seoeral types of failures are possible i f  the ascent exhaust gases 
are not pmperly vented. 
pressures wiU be bu i l t  up In the descent stage. mis could con- 
ceivably result in structural fa i lure  in the descent stage. More 
importsnt, however, is the effect  on ascent engine aperation. As 

the engine is back-pressured, flow seperstion and possible shocking 
rlll occur In the ascent skirt. This may result i n  pressures and 
heating. rates in excess of reasonable ek i r t  design capabilities. 
the back-pressure I s  high enough, the ascent nozzle will becasne uno 
choked resulting i n  excessive cadbustion chamber pressure and prob- 

able failure- 
prevent ascent engine bsck-pressure, the vent area m u s t  be arranged 
so that any unsyxmnetrical pressure forces on the ascent stage are 
within the corrective capability of the reaction control system. 
Another problem to be considered i s  heating caused by the ascent 
exhaust. 
short, the l ines  and tsnlrs of the descent stage must be configured 
t o  insure that no fuel is ignited by overheating frcpn the ascent 
engine plume. 

If the  vent area is insufficient, high 

If 

In addition to  providing suff ic ient  venting area .to 

Although the time period during which this  can occur is 

The area thru which the ascent exhaust gases flow contains the 

descent e q i n e ,  support structure, gimbal actuators, valve packages 

and associated electronics and three fuel and three oxidizer l ines .  
A model test was considered essent ia l  t o  determine the f low f i e ld  
under these conditions. 
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A nodel test p r o g m  began March 8 a t  Grunrman using a 1/10 scale 
cold flow model. Nitrogen gas ( '2( = 1.4)  is used. 
ulate the Arll scale base pressure relationships for  the ccanbustion 
products ( 8 = 1.2) the following scaling laws were used. 

I n  order t o  sim- 

(references 
1 and 2). 

M 5 Ascent Engine 
Exit Mach. No. - ab? = -  ah? 

J i 7  
Model Full Scale 8 = Ratio of 

P 

P =  
C 

Specific Heats 

Ascent Engine 
C h d e r  pressure 

"he resulting relations between the model and the full scale ascent 
engine are as follows: 

Model - Full S c a l e  

Chamber Pressure P = 120 psia  Pc = 3 psia  
C 

Area Ratio % = 40 - 
4r 

Exit Mach. NO. M = 4 
Exit 8 = 1.2 

= 7 

M = 3.53 
Exit 8 = 1 .4  

Using these parameters the model s t a t i c  pressures ,closely simu- 
late the f W l  scale pressures i n  the descent stage and the  model 
thrust  scales as the area (.01 FULL Scale). 

An analytical  study is progressing concurrently with the m o d e l  

test program. When the a n a l y t i c a l  flow field for 8 = 1.4 has been 
verified by the cold flow t e s t s  the analysis w i l l  be applied t o  the 
full scale ( 8 = 1.2). 
flow test Series will be initiated. 

If deemed necessary fram this analysis a hot 
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!&e test setup consists of t w o  125 f't 3 supply tanks feeding thru 

2" l i nes  with solenoid-operated globe valves t o  a 4" Y section. 
4" section converges t o  a 2" section which represents the ascent catp 
bustion chamber. The two globe valves have a 65 millisecond response 
which very closely simulates the actual canbustion chamber pressure 
buildup. The m o d e l  is mounted i n  a small chamber with the thrust 
vector horizontal- The emall chamber exhausts thru a 10" port  in to  

The 

a 10,000 ft 3 high vacuum chember. A picture of the test setup is  

Tests are run for approximately one 
shown i n  Figure 1- 
the chamber is sham i n  Figure 2. 

second a t  an i n i t i a l  chamber pressure of 10 microns. 
is ebout 2000 microns. 
that the flow In  the descent engine is not noticably affected. 
instrumentation consisto of GAEC s t r a in  gage force pickws t o  measure 
the force between the stages and Statham differential. and absolute 
pressure transducers. The readout equipment consists of CEC 7-95 
galvanmeters, an 18 channel CEC di rec t  writing oscillograph and an 
18 channel GAEC s t ra in  gage balancing unit. 

A view looking into the descent engine mounted i n  

Final  pressure 
This final pressure is  sufficiently low so 

The 

The model uoed In the i n i t i a l  t es ta  consists of ascent and dement 
s h g e s  each with a circular  area 14.6 inches in diameter as the repa- 
ra t ion surface. 
force l inks located 120' apart. The descent engine is mounted i n  s lo t s  
t o  the hexagonel inner surfaces o f  the descent stage. 
movable fcxward and aft t o  vary the annular vent area. The stage sap& 
ration can also be varied. 
existing design a t  the t h e  the model was constructed and has the dd- 
ditional advantage of being ada2table t o  Schlieren photography. The 
pre@sure d a h  w i l l  be correlated with the flow f ie ld  as determined  TOW 
Gclfiirrens~ A picture of the model I s  rshown In FI- 3. 

These surfkces axe connected by three s t r a in  ~ags 

The engine l a  

The hexagonal configuratton waa the 
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The "Fire-in-the-Hole" test progmm has been divided into see- 

phases as follows: 

Phase 1 - 1-h 8-22 - Preliminary evaluation of t e s t  setup, and 
limited acquisition of data. The test setup has been k r i f i e d ,  
the back-pressure of the small chanber has been found t o  be with- 

in allarable limits, the valve response simulates the actual com- 
buetion chamber, the scaling relationships appear adequate a.nd the 
ins t rbenta t ion  has proved satisfactory. 
the force between ascent and descent s w e s  and readings f'rcxn 6 
pressure taps have been recorded. 

Data has been taken on 

Phase 2 - March 25-May 6 - Engineering data acquisition. Extensive 
preasure sad force measurementie a m  being mede for a vide varlety 

of porting arrangements. 
15 pressure transducers and three s t ra in  gages. A diagram of the 
model showing the current instrumentation is shown in Figure 4. 
H i g h  speed Schlieren movies will be taken of the flow f ie ld  thru 
6" viewing ports. 
should be w e n  beginning April15. 

The model currently is i n s t m e n t e d  with 

The glass model is  being constructed and movies 

. 
Phase 3 - (if  required) - May 6 - Additional engineering data. 

Schlieren t o  12" f ie ld  t o  cover en t i re  descent stage. 
separation tests of an ascent stage. 

Increase 
Run actual 

Phase 4 - (if required) - Hot Flow Tests 

The data t o  be taken during Phase 2 will consist of evaluating the 

e f fec t  of varying the x, y, z dimensions shown i n  Figum 4. 

The data taken so far has been for Y = 0 and Y = .25 and X and 2 
varying by changing the position of the descent engine. The effect  of 
varying X is s m a l l  as long as the normal shock over the descent engine 

Contract NQ. lIAS gU00 
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does not back up i n t o  the ascent engine. For all tests run 60 far the 
shock standoff was w e l l  below the ascent engine ex i t  plane so the main 
effect on the flow field when the engine is moved, is due t o  varying 
the ex i t  annulus (2 dimension). 

As this area is opened up the flow around the descent engine 
should change f'rapl subsonic with a choked e x i t  to sugersonic with a 
choked exit t o  c a q l e t e l y  supersonic f l o w .  T h i p  arz# m a  varied frcnn 
10 In to 15 In w i t h  Y - 0. The flow, for the range o f  ennular vent 
8;~eas tested, I s  sqpersonic with the ex i t  sonic or low supersonic. me 
most hxportant parameter, the base pressure on the ascent e w e ,  varied 

2 fran ~7 t o  1.1 psia. 
this back-pressure I s  bare4 aufficlent t o  cause separrtion in the 

'ascent engine. For the full scale engine with a design pressure rertlo 
(chamber to ex i t )  of 456 it is estimated that flow eepsratlon wIU 

occur at a pressure ratio (chamber to8embient) lees than 123. For the 
model the design pressure ratio l e  84 and separation w l l l  occur below 
a pressure ratio of 29. 

pnrsure n t l o  m e  eroximately 29. It can therefore be tentatively 
concluded that an ann- vent area of 10 in2 (1000 i n e : ~  scale) win 
be sufficient t o  prevent separation especially when en addltlonsl vent 
LILW (Y dimension) l e  groviaed between the  a w e s .  

- 2  2 

Even a t  the minimum vent area tested (10 in ) 

(Reference 3). A t  the mlniwrm area tested the 
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the t o t a l  pressure force vas still high, being approximately equal to 
the ascent thrust- 
the area of. the descent stage. The f'ull scale ascent stage has a 
smaller area than the descent s-e resulting in a lower pressure 
force than obtained froin scaling the model results. However, the 
center of pressure of the full scale ascent base area, as presently 
configured, does not coincide with the ascent stage c.g. Dynamics 
studies are currrently in progress to determine the maximum allowable 
moment due to the plpssures between the stages. This requirement will 
be met by increasing the vent area to decrease the interstage pressure 
or by decreasing the moment arm by adding structure to the base of the 
ascent stage to position the center of pressure closer to the c.g .  

Model testing of the interstage pressures is not applicable to s m a l l  

spacing ( < .e") due to boundary layer buildup. 
sure6 for the smaller spacing w i l l  be determined analytically. 

The base of the model had a circular area e q m  to 

( -030"). Pres- 

. l  

For a l l  tests the stagnation pressure on the tap of the descent 
stage was lower than expected. 
ascent nozzle showed that the nozzle contour resulted in a large Mach 
number gradient. Instead of the nominal 3.53, the Mach number was 

approximately 4.7 at the center and decreased to 3.2 at the w a l l .  

nozzle contour will not be changed until details of the exit flow field 
of the actual engine are received frm B e l l .  

A stagnation pressure survey of the 

The 

G R U M M A N  A I @ C R A l T  f N G l N t t l l N C  C O l P O l A T I O N  znc I I  
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Our initial conclusions can be s-zed 88 follows: 

!!!he range of vent areas considered appears sufflcient to prevent 
yack-pressUring of the ascent engine. These vent areas were consistent 
w i t h  the current descent stage design. 

Ihe prveaure bulldug l a  any finite mace between the s-es can 

eigniflcantly increase the force on the ascent stage. This force must 
be taken into 8ccouIzf in determining vehicle dynamics during lift-off. 
mis force can be decreased by opening q p  either (or bdth) tho: 2 and Y 
dipaensims t o  lower the pressure in the descent stage. Pie morrsent on 
tlie -cent stage can be reduced by add- the ne<3essary 8kycture to 
the b-e of the ssaent etage to obtain the desired center of pressure. 

The venting requirements lncorporsted in .the present configuration 
studies are a rninlmm annulus of lo00 in around the descent engine and 
a stage separation of two inches. 

2 
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